SUMMARY The purpose of this investigation was to study cell proliferation kinetics in human gastric mucosa. Biopsies were taken from the antral and fundic part of the stomach through a fibre-gastroscope and incubated in culture medium containing a DNA-precursor (3H-thymidine). Autoradiographs were prepared by the dipping technique. The number of labelled cells and the total number of cells in all cross sections of foveolae containing one or more labelled cells were counted. The labelling index (LI), which is defined as the percentage of labelled cells in the progenitor cell region, was estimated. When only cross sections with labelled cells are taken into consideration, the labelling index will be a little overestimated. In order to reduce this error a formula for correction was worked out.
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Thirty-six patients with different gastric diseases were studied. The observer error was minimal, and the results were highly reproducible. It was not possible to demonstrate any correlation between the labelling indices in antral and fundic mucosa. A significantly increased epithelial proliferation was found in fundic mucosa from patients with gastric cancer and atrophic gastritis.
During the last few years autoradiographic methods have permitted appreciable progress in the understanding of cell proliferation kinetics in the mucosa of the digestive tract (Quastler and Sherman, 1959; Clarke, 1973; Lipkin, 1973) . However, only a few studies have dealt with the kinetics of human gastric mucosa. Experimental investigations have elucidated the process of cell renewal in gastric mucosa in different animals (Creamer, Shorter, and Bamforth, 1961; Willems, 1972) . In most of these studies the technique of autoradiography after labelling in vivo with 3H-thymidine was used, but good agreement has previously been demonstrated between estimates in vivo and in vitro of the kinetic parameters in dog gastric mucosa (Willems, Galand, and Chretien, 1970) . Since labelling in vivo in man generally must be avoided because of ethical considerations, incubation in vitro of gastric biopsies with 3H-thymidine has to be used.
In the steady state, epithelial cell loss from the gastric mucosa is in equilibrium with the rate of cell production. On this basis, Croft, Pollock, and "Correspondence should be addressed to: Ole Hart Hansen, Department of Surgery A, Bispebjerg Hospital, DK-2400 Copenhagen NV, Denmark.
Received for publication 18 September 1974. Coghill (1966) developed a method to measure the rate of gastric DNA loss, which they used to estimate gastric cell turnover in man. The procedure has been used by other investigators (Max and Menguy, 1970; Croft and Cotton, 1973; Desai, Venugopalan, and Antia, 1973) , but an assumption for its use must be that the cell proliferation kinetics are similar in the antral and fundic mucosa. Considering the secretory and histological differences between the two types of gastric mucosa, a different growth pattern may be expected.
After the introduction of fibreoptic gastroscopes, it has been easy to obtain biopsies from well defined sites in the stomach. This paper describes an autoradiographic method for the study of cell proliferation kinetics in small endoscopic biopsies. By this procedure it has been possible to compare the fraction of cells in DNA-synthesis phase (S-phase) in human antral and fundic mucosa.
Material and Methods
Thirty-six randomly selected patients were studied. There were 20 women and 16 men with ages ranging from 30 to 77 years. In all patients gastroscopy was performed in the morning, after 12 hours fasting, using a fibreoptic gastroscope (Olympus GF-BK or 0. Hart Hansen, T. Pedersen, and J. Larsen GIF-D). The endoscopic diagnosis was in six patients duodenal ulcer, in four prepyloric ulcer, in five gastric ulcer, in five gastric cancer, in six atrophic gastritis, and in 10 a normal stomach was found.
BIOPSIES AND AUTORADIOGRAPHIC PROCEDURE
Through the gastroscope two biopsies were obtained from the antral part of the stomach (2 cm above the pylorus on the lesser curvature) and two from the fundic part (high on the greater curvature) in each patient. The corresponding biopsies were taken 1-2 cm from each other. Histologically, the biopsies included mucosa to the level of the lamina of the muscularis mucosae. The specimens were immediately incubated in a shaking water bath at 37°C, in 5 ml of Eagle's basal medium with Hanks' salts (Flow Laboratories, Rockville, USA) containing 20 ,uCi per ml of 3H-thymidine (Radiochemical Centre, Amersham, England, of specific activity 22-26 Ci per mmole). The pH was adjusted to 7 3-7 4 with sodium bicarbonate. After incubation for 30 minutes the biopsies were washed in unlabelled medium for 10 minutes, fixed in Bouin's solution for one hour, embedded in paraffin, and serially sectioned at 4 ,u. The slides were coated with liquid photographic emulsion (Ilford K2), exposed for two weeks at 4°C, developed and stained with haematoxylin and eosin or by the periodic-acid-Schiff method. of the mucosa. The results of blind examination by different observers of 28 biopsies appears in figure 3 . The observer error was found to be minimal. In 33 patients the estimated labelling indices in corresponding biopsies from the fundic part of the stomach were compared (fig 4) . The correlation between the labelling indices is highly significant (p < 0-001), signifying good reproducibility of the labelling index in fundic mucosa. In 26 subjects the labelling indices were significantly higher than in the other groups of patients (p < 0 05).
Discussion
In a few severely ill patients cell proliferation in gastric mucosa has been investigated by means of autoradiography after labelling in vivo with 3H-thymidine (Lipkin, Sherlock, and Bell, 1966; MacDonald, Trier, and Everett, 1964) . It was shown that the general pattern of epithelial renewal in the gastrointestinal tract in man is similar to that of laboratory animals. The growth pattern of human gastric mucosa is important in attempts to elucidate the pathogenesis of gastric diseases, and the need for an increased knowledge of the kinetic parameters is evident. Studies of cell proliferation in human gastric mucosa have previously been difficult to perform. We think, however, that it is possible to overcome some of the difficulties by using the method described. Through modem fibreoptic gastroscopes many biopsies can be taken from different places in the stomach without much risk or discomfort for the patient. However, the endoscopic biopsies are small, and it is difficult to orientate the tissue correctly before the histological procedures. This means that foveolae cut longitudinally are seldom found in the specimens. In contrast to other investigators (Willems, 1972) , we therefore decided to count the cells in cross sections of the foveolae. When only cross sections with at least one labelled cell are taken into consideration, only cells in the area of proliferation are included in estimations of the labelling index. It will be somewhat overestimated because those cross sections through the progenitor cell region which do not have labelled cells will not be included in the estimation of the labelling index. However, this error can be reduced by use of the nomogram (fig 2) . We have found it quicker and simpler to count the cells in cross sections than in longitudinal sections of the gastric pits. The observer error is small and the results are highly reproducible.
In an experimental study, McDermott, Galbraith, and Dalton (1974) suggested that the duration of the S-phase of ileal epithelial cells could be prolonged considerably under certain circumstances. Similar changes in the length of the S-phase have not been demonstrated in man, but the available data are limited and further investigations are indicated. By use of double labelling techniques it should be possible to determine the duration of the S-phase in mucosal specimens incubated in vitro. In a few patients we did use double labelling with 3H-and 14C-thymidine, but the results were disappointing since it was not possible to distinguish the cells labelled by the two isotopes. Instead we adopted the method described by Willems et al (1970) . The biopsies are successively incubated in a medium containing 3H-thymidine at a low concentration, then for one hour in a medium without isotope, and finally in a medium with a high dose of 3H-thymidine. These studies are in progress, and the results will be published in due course. If the efforts to determine the duration of the S-phase (Ts) succeeds, the turnover time (Tot) of the epithelial cells can be calculated from the formula: Tot = L x 100. For this purpose the corrected labelling index should be used in order to obtain the most exact results.
Generally the duration of the S-phase seems to be fairly constant, and if it is assumed that it does not differ in the patients studied, the labelling index is approximately proportional to the growth rate of the cell population. Significantly higher labelling indices were found in fundic mucosa from patients with gastric cancer and atrophic gastritis than in the other groups of patients. Our observation of increased epithelial proliferation in biopsies from patients with atrophic gastritis is in accord with the results of Croft et al (1966) and of Winawer and Lipkin (1969) .
The finding of no correlation between the labelling index in antral and fundic mucosa indicates that that there can be a considerable difference in the growth pattern in the two types of gastric mucosa. Valuable knowledge of cell turnover in the stomach has been obtained by measuring the cell loss from human gastric mucosa by estimation of the DNA content in gastric washings (Boyes, Crean, and Watkinson, 1971; Croft and Cotton, 1973) . However, the DNA rate represents the rate of loss of cells from both the antral and fundic part of the stomach. The method must therefore be inaccurate to some extent.
An important task for research workers is to discover the relevance to man of the vast amount of work which has been carried out using animals in studying cell proliferation kinetics in gastric mucosa. For this purpose the techniques of labelling endoscopic biopsies with 3H-thymidine in combination with autoradiography can be useful. 
